is comparable to the life-time of Mssbauer level t107sec.
sented. The existence of low-temperature plateau of the rate of this transformation testifies its electron-nuclear tunneling nature. MES data on the HS -IS spin relaxation of hexacoordinate iron (11)-nitrogen donor complexes are described and compared with the M5ssbauer absorption spectroscopy (MAS) data on the corresponding spin crossover HSLS transitions.
Mssbauer Emission Spectroscopy (MES) deals with the emitters of resonance '-rays i.e. it reflects the structural and dynamic properties of the atoms whose nuclei find themselves in the excited M6ssbauer state.
The possibilities of the study of relaxational changes of these properties are determined by the comparison between the life-time of M6ssbauer level and characteristic relaxation time At the relaxation proceeds mostly before the nuclear transition and therefore the time-integral ME spectra (TIMES) represent mainly the properties of the emitters which already have suffered the relaxation. Nevertheless the use of delayed coincidences circuits with the resolution time ' <'?Z, -i.e. the studies of time differential ME spectra (TDMES) - We11known are various chemical consequences of nuclear transformations, e.g. the "shake-off" of the electron shells due to the prompt change of nuclear charge and subsequent Auger-transitions, Coulomb explosions of multiply ionized molecules , sp ot-heating , autoradiolysis etc • (1 , 2) • We shall not discuss here such processes (which are moreover usually completed before the population of 14,4 resonance 57Fe level) and will restrict ourselves just by the chemical relaxation. That means that we will treat the systems where the pre-.Mssbauer nuclear conversion does not lead by itself to the change of ligand environment or charge st ate of daughter Ms sbauer at oms ( 57Pe ) , which primarily are st abilized in the same environment and valence state as the parent (57Co) radioactive atoms, However some particular chemical (valence and spin) states being stable for the parent atom can well be unstable for the daughter atom (with the excited M6ssbauer nucleus) and then the system will tend towards the stable chemical state i.e. it will undergo chemical relaxation.
Two groups of chemical relaxation processes were found up to now to proceed with life-times comparable to and to be manifested therefore in t1e MES 1, Change of the charge state of the daughter atom (57Pe) as comparto the parent atom (57Co) caused by the interionic oxidation-reduction transfer of electrons, with the conservation of spin state as either the high-spin (HS) o the low-spin (Ls) state (3) (4) (5) (6) (7) (8) The treatment of the MES data was based on the determination of the contribution of broad Fe2' doublet which could be expected for the unstable TB, however was not observed in absorption spectra. Besides the change of the shape of spectra caused by the simple "stea&y-. state" admixture of TB to PB one could also expect in the MES experiments the manifestations of the so-called time-filtering effects (18, 19) as well as various distortions (e.g. the broadening) of lines caused by relaxation processes proceeding within ' ' (20, 21).
Nevertheless we have used for the crude eatimate of the rate of electron transfer the simplified representation of the observed emission spectra by two undistorted components -narrow Pe3' (PB) ard broad Pe2'' (TB) symmetric quadrupole doublets (supposing that PB = Under such assumption the fraction of TB in TDME spectra obtained with the gate of delayed ' -coincidences from t = 0 to t =' should be equal to:
-e This expression for L is valid for the low-temperature plateau while above the so-called "tunneling_temperature" (25) This reasonable latter eatimate together with EA' 0.025 eV would correspond in the case of resonance nuclear displacement to Tt ' (i0.) K and thus favours the conclusion that just the nuclear displacement rather than the electron transfer is the process which determines the appearance of the plateau in the temperature dependence of the rate of TB -PB conversion only below ca. 50 K and not at higher temperatures (thermally activated electron tunneling). In general the combination of the experimental data on the plateau rate of chemical conversion ('?,'v'), on f' value at T. 2. [Fe (phen)2(N0S)2j (11) complexes follows (14) 3.EFe (bpy)2(N0S)2] The increase of the probability of the appearance of HS state for daughter 57Fe atoms as compared to stable iron can be expected. a priori as a manifestation of the retained "memory" of 570o state and -in particular due to the marked reduction of ligand field potential originated from various consequences of 57Co decay.
Indeed, as can be seen from Fig. 5 the °HS values for the IVIES spectra of the lIP and SIP complexes are sufficiently higher than for the corresponding MAS spectra, and the virtual possibility of the observation of the HS -'LS relaxation in the emission spectra is obvious. However the careful investigations of the shapes of emission spectra performed in Ref. 11, 12, 14 and 16 for five lIP complexes numbered above as 2 6 have lead to the conclusion that ferrous 15 state makes no contribution to t1150 spectra (observed deviations of Fe(II) H5 fraction from < HS 1 mostly at higher temperatures, illustrated by Fig. 6 , should apparently be attributed to the ferric HS species rather than to the formation of Fe(II) IS state).
Thus the HS-øLS relaxation of iron (II)
nitrogen lIP complexes seems to proceed much slower than the de-excitation of M6ssbauer level ('>)E ). Same conclusion can be made from the careful analysis of the MAS data for the abovementioned lIP complexes (27) (28) (29) (30) (31) (32) .
General problems of the application of the MAS to the studies of spin crossover were discussed in Ref. 33 and 34, comprehensive survey of this phenomenon was published recently by GUtlich (35). Main attention in the MAS studies was always paid to the equilibrium of spin crossover rather than to the rate of HS-IS transitions whereas the shape of absorption spectra can give certain information concerning this rate.
Indeed the existence of two different states of M6ssbauer atoms (HS and IS in the studied compounds) with the possible thermal relaxation (interconversion) between these states can lead to the appearance of two main types of resulting absorption spectra 1. Superposition spectrum -formed by the simple overlap of two individual spectra (inherent to HS and LS states in our case) represented in accordance with the statistical weights of contributing states. This is the case o slow relaxation : 'Z 2. Hopping (delocalization) spectrum -single spectrum with the HFS parame- fre(II)N6 complexes were found to be of superposition type (27 -32) . Mssbauer level of 57Pe, The reason of such leisureliness of HS -LS transitions (tightly connected to their mechanism) still remains unexplained, It seems plausible that these transitions in solids require the rearrangement of the crystalline lattice and thus are connected to the necessity of surmounting of high activation barriers. Indeed the rate constants for the spin interconversion of iron (II) complexes in CH Cl -CH3OH solutions at 0 -2500 were found to be considerably higher : K#v(12)10 sec >?j , and the activation energy for solutions-0 , close to zero (38) .
Some additional light on the problem of mechanism of spin crossover process.-es ndght be shed by the tES studies of HS -LS conversions in the SLE' iron(II) .-ri.itrogen complexes (9, 10, 13, 15, 17) . Absorption spectra of such complexes (numbered above as 7 .-1O ) throughout the whole razge of tenera.-tures demonstrate the existence of only LS ferrous states.
However the HS states are clearly represented in the emission spectra of the slip complexes (Pig. 7), their contribution being determined here exclusively by the rate of spin relaxation (rather than by the HS -÷ L8 equilibrium) and decreasing therefore gradually with the rising temperature. Most detailed study of the kinetics of spin relaxation was performed by Gitlich et al,for the tris-phenantroline iron (II) perchlorate (9, 10, 15) Using both TIMES and TDMES variants of Mssbauer emission spectroscopy0 
